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Part  3 of  this  report  (RAUC-TR-76-215),  In  particular,  the  radome  pro- 
duces grating  lobes  that  are  approximately  30  dll  below  the  main  beam  level 
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Effect  of  Multipath  on  the  Height-Finding 
Capabilities  of  a Fixed-Reflector 

Radar  System 

Part  3s  Effect  of  Radome 


U IMIMMM  CTION 

In  Parts  1 and  2 of  this  report  we  studied  the  effect  of  multipath  on  the  height- 
finding capabilities  of  an  air-search  radar.  In  this  portion,  we  will  consider  the 
effects  of  a radome  on  the  radiation  pattern. 

We  showed  previously  that,  in  the  absence  of  any  radome  or  multipath,  the 
magnetic  field  in  the  Fraunhofer  zone  of  an  arbitrary  reflector  can  bo  written  as 

•o 

X | x sin  0 eos  0 + y sin  0 sin  0 + i cos  0 J exp  (-jklt)  , (1) 


where  the  reflector  surface  satisfies  the  equation  ^ ■ f(x,y),  IJj  is  the  field  incident 
on  the  reflector  from  the  feed  horn,  and  »Q  the  projection  of  the  reflector  on  the 
x-y  plane.  The  quantities  It,  h and  0 are  shown  on  Figure  1. 

Now  let  us  suppose  that  the  reflector  is  placed  inside  a P\V-306A  radome. 

It  has  been  demonstrated  elsewhere1  that,  for  this  type  of  radome,  only  the  radome 

(Heeoived  for  publication  10  Dec  107(5) 

1.  Hl.tnk,  t'.M.  (Ifni!)  Kffects  of  rtV-.'t.miA  Kndtnne  on  AN  FPS-c  Performance. 
Home  A ir  IXwelopmenrc^eiue^ 
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Figure  1.  Assumed  Reflector  Geometry.  Note  that  b lies  in  the  x-y  plane 


ribs  significantly  influence  the  radiation  pattern,  and  the  effect  of  the  ration) e 
panels  and  bolts  can  be  neglected.  For  purposes  of  calculation,  we  have  found  it 
convenient  to  approximate  the  rib  structure  by  one  which  is  periodic,  as  shown  in 
Figure  2.  The  coordinates  </■  and  i)  are  defined  in  Figure  3. 

In  order  to  calculate  the  effect  of  the  r adorn e on  the  radiation  field  we  employ 
the  equivalent  current  method. 2 In  this  method,  we  calculate  the  field  scattered 
by  each  radome  rib  and  then  approximate  that  rib  by  a current  sheet  which  produces 
the  same  radiation  field.  This  current  sheet  is  then  projected  back  onto  the 
reflector,  so  that  the  net  reflector  surface  current  is  the  original  surface  current 
plus  the  surface  currents  due  to  all  the  radome  ribs  projected  onto  the  aperture. 
Therefore,  In  place  of  Kq.  (l)  we  get 

HS  * 2*»ir  ff***  dy  *i!i]  (1+K<*.y>  exp  (jkh  cos  0)> 

SQ 

X ( x sin  0 eosb  + y sin  0 sinb  + s eos  0)  exp  (-jklt)  , (2) 


2.  Kennedy,  l».  0.  (1050)  An  A nalysis  of  the  Klectrteal  C haracteristics  of  Struc- 
turally Supported  RtultnnoaV  Oblb^ale^Tversity.  Ant^enhT1Calk)ratory 
Report  722 -a. 
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Figure  3.  Radome  Geometry.  Note  that 
ip  Ues  in  the  x'-z  plane  and  >7  lies  in  the 
y'-z  plane 


where  K(x,y)  is  tiie  (complex)  equivalent  surface  current  which  yields  the  same 
far  field  as  the  scattering  by  the  radome  rib  and  kh  cos  0 is  the  phase  correction 
between  the  actual  location  of  the  radome  ribs  and  their  equivalent  projection  on 
the  aperture  surface.  If  the  radome  radius  is  denoted  by  r and  x3.y2.23  aro 
coordinates  of  the  center  of  the  reflector  in  the  coordinate  system  of  Figure  3.  we 
can  easily  show  that 

h » l r2  - (x  + x2)2  - (y  + y2)2  J - (z  + z2>  . (3) 

In  the  next  section,  we  will  discuss  the  calculation  of  the  equivalent  current 
density  K. 

3.  <:\u:i  UTKIN  «t  nit;  t;yn\  vi.kvi  mu  anittiM 

Let  us  consider  a radome  rib  and  assume  that  (due  to  the  reflector)  there  is 
some  field  K incident  upon  it,  which  we  can  decompose  onto  components  L 11  and  L * 
which  are  respectively  parallel  and  transverse  to  the  long  dimension  of  the  rib. 
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as  shown  in  Figure  4.  The  long  dimen- 
sion of  the  rib  is  normal  to  the  paper 
(Figure  4)  and  we  have  chosen  the  coordi- 
nate system  (u,  v)  so  that  the  v axis  lies 
along  the  direction  of  propagation  of  the 
incident  wave.  We  should  like  to  solve 
for  the  electric  field  scattered  by  this  riu, 
for  mathematical  convenience  we  shall 
use  the  approximation  that  the  rib  is 
infinitely  long  in  the  direction  normal  to 
the  paper.  In  order  to  solve  for  the 
scattered  field,  we  must  first  obtain  the 
field  inside  the  rib;  if  we  divide  the  rib 
into  N small  cells  as  shown  in  Figure  4, 
it  can  be  shown  that  the  field  e at  the 
center  of  each  cell  satisfies3 
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Figure  4.  Geometry  Assumed  for 
Calculating  the  Scattering  by  the 
R adorn  e Ribs 
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where 


Sum  ' 1 +4  <«  • *M  *ka  R j (ka>  - 2j  | . 

Sm.  1 - 1>J,  <ku*  . 

Amm  ' 1 + (<  H(j2)(ka)+  1 ) , 

j*a  - 1)  J . (lift)  mi  mi 

A|»« ^T"  tk*.n«H0< * 


t * relative  permittivity  of  Ute  rib, 
! m ' “ '“l 


(4) 


(5) 


3.  Richmond,  J.  11.  Scattering  by  a dielectric  cylinder  of  arbitrary  cross 

section  shape,  1KKK  IV.  AIJ  A 1*- 14 :334 -34 
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a - (djd/  j r)1^2  , and 


(2) 

Hq  = Hankei  function  of  the  second  kind. 


If  we  assume  that  the  incident  field  prop'agates  along  the  v = axis  we  can  write 

V.II  _ rl  'jk<m  ~2)  dl 


E"  = U e 
m ii 


-jk(m  -g-)  dj 


E1  » U e 
m i 


We  have  solved  Eqs  (4)  and  (5)  for  the  quantities 
e" 

p,j  * ~u-  exp  (jk(m -j)di  - j j | . 

e 1 

Pn  * TT  exp  IJMra-yldj  - 


for  the  case  when  the  rib  depth  T = 3 inches,  its  width  d = 0.4  Inches,  f »4.1  and 
the  frequency  is  1.  350  GHz.  The  results  far  P^  and  P*  are  shown  in  Tables  1 and  3. 
Although  we  will  not  use  them  in  this  report  we  have  also  calculated  P()  and  P^  for 
a frequency  of  3 GHz.  These  results  are  in  Tables  3 and  4. 


Table  1.  Values  of  P()  for  T ■ 3.  0",  d ■ 0.4**,  c ■ 4. 1, 
N » 7,  dj  ■ 0.4206",  and  f * 1,36  GHz 


n 

‘Pn» 

Phase  of  P (degrees) 

1 

0.8100 

- 85,0 

2 

0. 8378 

-102.0 

3 

1.0383 

-110.  1 

4 

1. 1851 

-114.  1 

3 

1.2820 

-114.7 

6 

1.3073 

-113.3 

7 

1.3045 

-110.2 

Once  the  quantities  P11  and  P^  are  known  it  can  be  Shown  that  the  scattered 
n n 


electric  field  Eg  is  given  by 


s (9 ) 

= C1H0  (kPo) 


T:  exp  £-jk(n  - j)  dj  (1  - cos  y)J 


P"  U 


Pj^  cos  y 


where 


^r~)  te-1)  JjOta)  . 


Now  the  scattered  electric  field  due  to  a current  element  I is 


w^o  (2) 

Es  - - ir  Ho  (kp0)  1 


Therefore  upon  equating  Eqs  (11)  and  (10)  we  can  obtain  the  equivalent  current 
which  results  in  the  scattered  field  E . We  get 


C0  ]jP  exp  £-jk  (n  - y)  dj  (1  - cos  y)j 


F"  u„ 
n li 


P„  UI  cos  y 


where 


C,  ■ -2*#  (c  - 1)J,  <ka)i 


s * irka”  (t  - 1) 


The  last  step  in  Kq.  (13)  follows  because  ka  « 1.  The  equivalent  surface  current 
J8  * t/d.  Therefore  upon  using  the  definition  a2  ■ d}d/ir  we  get 


i i 

C 3 52  | 4,)  ‘ 608  | 


where 


P!'  U 
n !t 


U j eos  y 


C,(  * *kd j (f 


For  small  values  of  y,  Eq  (14)  takes  the  very  simple  form 


(15) 


We  now  must  express  the  electric  field  components  and  which  are 
incident  at  the  leading  edge  (v  = 0)  of  the  rib  in  terms  of  the  fields  on  the  reflector. 
If  the  rib  is  in  the  near  zone  of  the  aperture,  it  is  reasonable  to  approximate  the 
electric  field  at  the  rib  by  the  electric  field  reflected  by  the  dish.  This  is  the 
negative  of  the  electric  field  which  is  incident  on  the  reflector  from  the  feed  horn. 
Therefore 

/u  X1/2 

- 3 -reflected  = '^incident  1 '(jfj  (n  ^incident  ) * <16! 

where  5Jincpjent  = is  the  quantity  which  appears  in  the  integral  in  Eq  (1). 
Therefore  we  can  use  Eq  (1ft)  in  Eq  (15)  to  write 


N 


kdjfc-H  £ 
nBl 


,sx  Wii 

K 


(17) 


Finally,  upon  realizing  that  Eq  (I)  represents  the  scattered  field  by  a reflector 
with  surface  current  2 (nXH^)  and  using  Eq  (17)  we  can  identify  K as 


K , 


kdj  k - 1) 
2 


N 


E 


(10) 


Now  since  the  air-search  reflector  system  is  horizontally  polarized,  we 
therefore  set 


K * K. 


kdj  k 


1) 


N 

E 

n*  1 


(IP) 


on  the  horizontal  ribs  and 


tl 


~r - • :r.r. " ~ ' 


K = cos  Orj  K + sin  dr.  K , 
it  II  n i 


N 

fc-i)  E 


n=l 


(0.  53  P11  + 0.  85  P1  ] 
n n 


(20) 


on  the  diagonal  ribs  in  Figure  2. 

Before  closing  this  section,  we  should  note  that  the  quantities 


kd. 


K„  = 


N 

fr-i>  E 

n=l 


(21) 


and 

kd,  N 

k,  • -i1 '« - » E Pi  <22 

n=l 

4 

are  sometimes  called  the  induced  current  ratios  for  parallel  and  perpendicular 
polarization,  respectively.  The  values  calculated  from  Eqs  (21),  (22)  and  Tables 
1 and  2 for  | K|(  i and  | | are  consistent  with  the  results  in  Figures  38  and  39 

in  Chapter  5 of  Ref  4. 


3.  UKSH.TS 


By  using  the  results  derived  In  the  previous  sections,  we  have  modified  the 
computer  program  discussed  In  Parts  1 end  2 of  this  report,  so  os  to  Include  the 
effect  of  the  radome.  Figure  r>  shows  the  effect  of  the  radome  or.  Urn  element 
pattern  of  the  reflector,  that  is,  no  multipath  and  secondary  horn  absent.  The 
reader  will  note  that,  over  the  angles  of  interest  (that  is,  -10°  < fl  •!  10°)  for  the 
studies  done  in  Part  2,  there  Is  a negligible  change  in  the  radiation  pattern.  Using 
this  new  program,  we  have  recomputed  some  of  the  results  for  altitude  error 
presented  in  Part  2,  and  have  found  that  for  the  l.-band  system  there  is  no  dis- 
cernible change  in  the  altitude  error,  that  is,  the  altitude  error  plots  with  and 
without  Ute  radome  are  approximately  the  same. 


4.  Vldale,  J.A.  (uw-t)  Microwave  Scanning  Antennas.  R.  C.  Hansen,  Kd. , 
A cadem  le-  Press,  KewVorET 
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Figure  5,  Effect  of  the  Radome  on 
the  Radiation  Pattern  of  the  Air- 
Search  Radar  (L-band) 


14 


IP1  t'm . ggsg^^ggy! 


References 


1.  Blank,  C.  M.  (19G1)  Effects  of  CW-396A  Rigid  Radome  on  AN  FPS-8  Perform- 

ance, Rome  Air  Development  Center  Report  RADC-TK-fil-189. 

2.  Kennedy,  P.  D.  (1958)  An  Analysts  of  the  Electrical  Characteristics  of  Struc- 

turally Supported  Radomcs,  OlUo~State  XJniveTsity,  'Antenna  Laboratory 
Beport  '722  -8 

3.  Richmond,  J.H.  (19GG)  Scattering  by  a dielectric  cylinder  of  arbitrary  cross 

section  shape,  IEEE  Trans.  AP  AP-I4:334-34I;  4GQ-4B4. 

4.  Vidale,  J.A,  (19G4)  Microwave  Scanning  Antennas,  R.  C.  Hansen,  Ed., 

Academic  Press,  "New  York" 


^e'SM'S&aswo&e'Xje'soe^je'iWQeje'seaQt*^ 

MISSION 
of 

Ram  Air  Development  Center 


RADC  plans  and  conducts  research#  exploratory  and  advanced 
development  program  in  command # control#  and  coamuiications 
(CJ)  activities#  and  in  the  C3  areas  of  information  sciences 
and  intelligence.  The  principal  technical  mission  areas 
are  communications#  electromagnetic  guidance  and  control# 
surveillance  of  ground  and  aerospace  objects#  intelligence 
data  collection  and  handling # information  system  technology# 
ionospheric  propagation # solid  state  sciences # microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 


Print*!  by 

United  State!  Air  Parc* 
Hontcoa  APB,  Mat*.  01731 


